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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance heat stability of 
written bits, to reduce medium noise and executing high 
density recording having high reliability without exerting 
adverse influence on performance of a magnetic 
recording medium concerning the magnetic recording 
medium and a magnetic storage device. 
SOLUTION: This magnetic recording medium is provided 
with at least one exchanged layer structure and a 
magnetic layer 109 provided on the upper side of the 
exchanged layer structure. And the exchanged layer 
structure comprises a ferromagnetic layer 105 and a 
non-magnetic bonding layer 1 07 provided on the upper 
side of the ferromagnetic layer 105. And at least one 
magnetic joining layer 106 and 108 is provided at least 
one intermediate part of intermediate parts positioned 
between the ferromagnetic layer 105 and the non- 
magnetic bonding layer 107 and between the non- 
magnetic bonding layer 107 and the magnetic layer 109. 
The magnetic joining layers 106 and 108 are constructed 
so as to have magnetization directions parallel to the magnetization directions of the 
ferromagnetic layer 105 and the magnetic layer 109 being in contact with respective magnetic 
joining layers. 
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S. X. #®tt*§£B8- U*. #JKffi»£B8£|3!S 
©«**#> h ft 0 . RJ* t>#»tttt£Ji 8 <b I3«©©H (C 

isestt-s. 9HB&JI7. 7-imirtt. c#«n®« 

[0046] «KW"C». IM8SB7-1 ©»«R# 

4. &SS14B7- l©»«R*tt». &14B9 

©»*UttrttJ:»)ait< . Xtt. BGtClBE3hTl>"C*> 

[0047] mmm7 (omsmttmrntam 
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[0 048] 03«. S i *«±K^JSS3 tifcBW 1 0 
n m©i-©C o P t Jl©ffirtl^£t4£7n-ria-C& 
-5. S3*. IttttHBtt; (emu) . MMttftfiSA (O 
e) ft^>tt4UBIN§f*K> H3«:^*nS# 

[0049]S4», ±SSESm»<OfH 1 HJS0!l©ftl 
<. &J?#0. 8nm©RuB-C#8t<*ft/c2o©Co 

pt»©iBrt»»i*tt*^ria'c**. E4*. 8eM» 

SS^ffc (Gauss) . flMBfiSttfc (O e ) ^ 

io -r. H4»5f>t>^£j:9(c. A>--7immtm&?^ 

5. 05«. M/I* 5 1 . 4nm©Ruit?»i?nfc2 

-3©coPt»<oiSrtsa»i*tt*svria"c**. 05 

tf. «&M»»BK{b (emu) . mMKftKft (Oe) 
H5*»6*>to*>*J:9K:. 2-5©CoPtiO 

ffifb^rsiB^f-c**. 06». ±lESt2?iit{?!l©$n 

<, fii/?#0. 8nm©Ruir»i3nfc2o©Co 
tttt3BW«Kfc (emu/ c c) . ifMiZm&t> (Oe) 

[0 05 0] 03RJ>*04J:9. £&M*£&»l?&C 

tfc**)> m.mmG*ne>tiz>z-tifit>iPZ>. x. 0 

5*. H 4 &^ 6 <h J£tB?£C 9 tC. # 

£L<ltO. 4-1. OnmORHKaBEStl*. 

[0051] se^r. ffiMsmm&om i romh jm 

30 ^OfcSaMS^K«fcO. »«K*tHt«crscift<. 
i. SttB©m^W±©JS« ; S:it*n$-&SCi355-C^ 

s. x. ni^©5Si4Ji©jaJ¥»it*ntftt^©-c. fiStta 
©*8}jnLfcJii»w±©fiU?ccJ: o . <s«s*ii^f$ns 

«gc«tt©iei±Sn?fc5B«llB««flafe»* C i^-C^r 

[0 0 5 2] WT. S 6K*»»©»3HB»W*^T. 
40 *^(ctt^3HJtWttwr^©mi. 02HtiWIK:te 
l»r«WLA:Sft»ttflii*fiBtttS^«4©lffl. ttt»»fiS 
tea i^efe^B t ©m©^>ft < & 4>-^fc. KtclS 

[ o o 5 3 ] i7B, *miKt£zw5mmm<mz 

M&mfo 10 1. is— KB 10 2. Ti&m 103. ft®. 
tt*IB» 10 4. ^®14B 10 5. TSK^teS^B 1 0 

so 6 . im&msm 107. ±sm\tm^m 108. »k 
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m i o 9 . mm i i oRummm 1 1 i7fcs 

[0054] ±.srF$m&m^m i o 6 . ±assii4S£- 
@io8 Bi»r*i*»— ttfe^. TMit^i 
i o eR^fim&Wt&m i o 8 ^^-n^ntswfci # 

tctt. C©WB 1 0 6. 1 0 8 ©gftteflUatt. S£BS 
14)1 1 0 5 ifiBttB 1 0 9 £©£*fg£fftHJ:»>*# < 

ft-SxtMcsm-rs. c©j:5«crj£t*c£t. fm 

&&£m 1 0 7 ±T<D£&&£tHm& 0 . S8«IB»J£ 
#£OT©ilfc£5Ei4£fl±Stt.2>C 10 
[0 05 5] t>m*-#K«tt&£»*«Wfc»£-C 
fe. T»SM&#» 1 0.6 <bBS14® 1 0 9&l>tt±flStt 
tt^^d 1 0 8 £5£®14J1 1 0 5 £©&fttt£#A*iS* 
0 . &ftlSfiHKft£ l/T©*tKJ£tt*fiLh3 1** Ci*s 

[0 05 6] W*tt\ Jh£3$Bf£3£& lOltt. A 1 . 
A 1 £&Xtttf5*ft»6tt&. C©#tttt££l 0 1 

b. 7^x3 L -f#!ffl£lfe;*ft-ci>'C&. Jfc3ftn»tt< 

[0 05 7 ] i/-Fil02tt. 1#tC#»tt*K 101 20 
#A 1XIJA 1 ^*6tt**§^ectt. M*.tfftU.B£» 

0 2B. ^FfC^SSttSSl 0 1 1fiJ3^7,frhteZ>W&K. 
B. FRBNiAl. FeAl*e.6SW-^S 

1 0 2ttT«MI 1030 (001) ffiXB (112)1 
©E|fi|*^KTS;te*Ki9:W6*l"CI,»4. 

[0058] ^mmiaii^^iimT 1 4 * t t-r zm 

#mi4»« 1 0 1 XttN i P £fflt>/c*>- FB 1 0 30 

[0059] mzmm.\±*pfflm 1 o 4 b. us* 1 0 9 

©i££*->-Wl/j£S. tfrf*WMi©»iI>. RUTSMIB 
«aaM*©E»ffiiWttffiCc»-3A:«tt)i 1 0 9©S^ 
ttfcij OBftftMfc) ©Elp|*fii»rSfc»«:«»6*i , c 
OS. C©#8ttte4»IH»l 0 4li, CoCr-Mffflh 
cp**jS*=frr*£fcJG»6fc*). l~5nm©f6H«:jil 
SStl^WV^Wr^. CC?, M=B, Mo, Nb, 40 
Ta. W. Cu, XBC*ie>©£#-C&S. 
[006 0] ±iE3ftBH9UI 1 0 5 B. Co. Ni.F 

-3*0. CoCrTa. CoCrPt. CoCrPt- 
Mfc*t*Co*£&*. *«tt»10 5tcfl3t»&C£# 
"T**. CCT, M=B, Mo. Nb. Ta. W. C 

u. xBcne>©^#-c*s. 

[006 1 ] TSPBStt&^Bl 0 6B. Co. F e. C 
o^^#. Fe«^*>?.a:4. -3*0. CoCrT 
a. CoCrPt. CoCrPt-M^tfCoI^ 50 



&H 2001-56921 
12 

£. TWBfflSteBl 0 6fcfflO3 CC 
V. M=B. Mo. Nb. Ta. W. CuXBC*l6© 
££-C&2>. C©"FfiH8tt1S£» 1 0 6©C oiftKXB 
FeiSfiB. 5S«tttJil0 5©CoiftSX«FeaKJ: 

ois<rsci3&sa*u(,>. raaattsi o 6B. 1 ~ 

[0062] ftfc. &&14B1 0 5KCoXttFe*ffl 
^fcii^CCB. TSP?S14S^J1 1 0 6 St^BST-SC Lifi 

111 0 5 £BiSUcF eXBCo*«lr>4. 

[0063] mmmm&^m 1 o 7 b. r u. Rh . 

I r . C r . Cu. RuS^t, Rh^£4L I rS^ 

Crf^, RCFCuX&&«ft>6&&. Ell 
C ©#BH£tt£n 1 0 7 B . R u b /cfc§^K B 
0. 4~1. 0nm©^KjI5£$ft/de/I*WU $? 
*L<B&0. 8nm©KJ?£W-f£. C ©#&Bt4M£- 
HI 0 7©^£C©<fc?frffiiffl{C®5c-rSC<!:tC«fc 
0 . 3&5B14B 1 0 5 RCflSttB 1 0 9 ©ffiSfb^ffiJJ&SHt^ 

[0064] ±.mmm>m lostt Tgp^4g^n 
.1 0 6tmwDm}&frt>mft.-?2>ct&-ezz. ±mm. 

ft^Jll 0 8C0CoiSSXBFeigS«:-3l,ir4>. a 
&B1 0 9©C o^g3?;BFe?£gJ:0ig<iS5ET£C 
GO. JbSPSSI&g^B 1 0 8 B. 1 ~5nmO 

wmPrcmmztitcmBz^s-Zo u*s. ni£Bio9 

iCC oXBF e SrfflOfcif^tB. ±2^14^11 1 0 

8 £=£nrt sc <t5&<-c£. _hS$affig^B 1 o 8 *rw 

-SW^CCB. 5B14B 1 0 9 tBiMtCF eXBC o SrfflO 

[0065] ±BB#8B14*£^B 1 07tcRu. Rh. I 
r. Cu. Ruf^l. RhS^. I rS^i, Xtt 
CuS^*ffi^Sa^», B&tiigi^Bl 0 6. 10 
8. fcBCo. Cof.^i. X»NiFe4ffl^5Ci 

tmmztx. mm#&m io7tccr, xbc r X* 

#*m>S»^Ktt. fiBEtt^B 1 0 6. 1 08 KBF 
e. XBF e^^?:fflCi^«ll3tl?.o 
[0 0 6 6] C C-C. HJia^ttB 1 0 5 £#BBtt*S£ 

gi o 7 B«*««csawi«JS*iiWErs. -ei/r. * 
ett^/i i o 7(csot. awen^TasiittS^B 
i o 6Rv±.mm.m-£im i o 8 Bc©sawi»jt©* 

[0 06 7] ±IB5S14B 1 0 9 B. C oXBC oCrT 
a. CoCrPt. CoCrPt-M^tJCoI^ 

CCt, M=B. Mo. Nb. Ta. W. 
Cu. XBCft6©1^&-C&S. ^14B10 9B. 5~ 
3 0nm©IEHK:^?n/c^Jl^Wt-i. 6514 
Ml 0 9B. ®1fjt©t>©(Cfig5£$ti-r. 

[006 8] ±IB«mB 1 1 0RO'S?tB 1 1 1 B±fB 
Ktl. ^2*te^£P«0cmfi£T?>C£*i-CI?^ o 
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r^££j{p6&»J v iSl0 1±(C5~40nm©®I 

KaBestifciwwc^flEL. t©j:5tc 

TiftJf 1 O 3±fCSWTfeM^. 
[0069] i8tt, #-7*«&_BCV- FJI. Tift 
B. £et£4>nM. SttfittJl. Ru«^l, Co 

CoCr %££M®ffl|*3'fti£&;j% U T t » 4 . 
[0 0 7 0] ^S5tt®<tmffiltCOUr«PIDCoC r 
$£&£A§l»Tl>£. 2-3©A-^tt. CoMCr© 
i8K£SftSfe©4U CoiCr^O^ JBti?J$ 

ttti&ff. (emu/cc) , fftttUISff (Oe) 
5. 

[0 07 1 ] 08#>6 2-50A-^ft 
SC4###>£. ??>«:, Cojgg©lSl^ (SESCo 

-r i ch) ©m^^ti»cife»*5, stwmm 
40 ooegsiaj±r4. fr-ii/v 

t£i>. H8©JU-7^>7 hit. &lffiCmft<DtiL&?1& 
m&tXD&^frZ. C ojgg©lS(,v£ 

(Mm ©£&*§£#*# i>c 4 ;l— 

[0 07 2] SeoT. CottK®m^«j»i!«tt8 

0 &£5Et£©Ji t > JS<* 5rH^-C i* 4 . 
[0 07 3 ] ^(C. *^tc«c-SfiSSi£«Sli»D-|Ui 

issig©— ms&m^m^Tn-r mmrn^$> o. @io 

«> ^iBtf^g©-3£Jt#I©g^£^T¥®0-C£> 
[0074] §9SOT 1 0 KthT cfc S(c. Sa^iBUS 

*-*i4. A^i5, tg^©®ata«^ 1 6 . 

8, *g£fc©7-Al 9&tf7^cxX-2 a--; F2 0 
**RW6*in»4. fifc£ifBII8H* 1 6 t-^HtC 

cfc9@&3ft£^:/i stc&fjtfweftTt,^. leiiB 

F 1 7tt, MR^y F-^GMR'n? F2f©B£-^ 
f F4, jyZZT-iT'^.y F^©fS$i^? F4#>6& 
S„ SfB^S^f F 1 7(i t fctef-ST-A 1 9©$fe 

7-A1 9tt7*?:xi-*:x.=i? h2 0(C«fcOllSil3 
ft*. C©emiBt^a©S*«fi5tg«:tta»rC*0, 
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[0075] mmsm&s.vxmmiiz. m$*s&m& 
i6(cw*5. smsssmm»i 6«. hi. 02 
0 7 i^/c. ±ism^b^^©^ 1 mm 

1 6©tfctt3ft(C|S&£$ft-r t l$CCt>. 2tfcX«4ft 
[0076] 18^1 Bttgg©*##Jj£tt, H 9 Rtf 0 1 

0K^Tfc©cc|^Sft£fc©TW.to„ X, 
10 Jgl>&B*UBBttftt2. SS^tw X^tq&SSftfct,*. 
[0 07 7 ] &l_t. *»H*30WWCCJ:»)ttWUfc#t. 

jjajwtWK iree ? ft 4 1> ©-ctt a < . a * © 

[0078] fcfc, iiJ&UfcffcWcWOT, S^WF 
©tfiBSr^T. 

[0 07 9] (tftBl) 4>&< 4fc l-3©£&Ji*& 

mz-£tsmms&mm&-c$> x . mria^tta £ mriB# 
20 s8tts^B<t©raRiyt^fisi4^^e<i:^iBfiai4Bt© 

[0080] (#ib2) mmc§stm>mmEsmw 

[0 08 1 ] (tfSB3) tffSlXW:2{CIBig©l&MfB 
30 £HSi^8H814g^B**rU S_hg|5fig14j^M4T 

gi«tts^a4©ra©^ti5^ffl« > mrsBastt@4i? 

[0 08 2] (#IB4) #IBl*>6.3©^-rft^tClB 
u. Rh, Ir, Cr, Cu, RuS^ Rh3S^ 

p, s!r s ft tcwmfr ztezct&ft&iiTzm 

40 [0 08 3] (ttlB5) {^1^6 4l»-rft3^K:fBtS 

©Mmia^iSfttcfcc^r. B«£5saafta©fi8{fc*isi4ir 

IBK14a©S6ib^[S]4 BSl«SWfC* 4 C 4 
4T4?a«iBfli«ft. 

[0 0 8 4] (#gB6) WfB5iSiS©ffiaMtB^«Stt*CC 
*JC»T. ISTlBl^Satt^JBliRu, Rh. I r, Cr, 
R u R h I r Jfk^&mf C r ^^fe*. 

^ & 5 ^Jl/ - y Hp e>S*?3 ft W*4-C?gfiS $ ft 4 cc 

bo. 4*^6i. onmomm^xMM^titcmm^m 

CuSCXCu^^e^-S^l'-^^jl^^ft 
50 fctt^-CJ^fiSSftiti-^tcBl . 5#>6 2. Inm©© 
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Hfi-easg 3 titcmmzmr s c t t -r s aami a 
naif*. 

[0 085] (ttlB7) tfiai*6 4l>-rft*«:fa«S 

(o«aKiWi*«:*it>T. friB^fiai4Jio»<t&ifii<!:S(r 

[0 08 6] (fife 8) #fS7IS«g©?imiBiS^f*fC 
te<,»T. B!fiBlKBEtt^««Ru. Rh. I r. Cu> 
RuS^, Rhl^ t I r^^&CXCuSi^* 

6 ft -s dou - :/* 6 m®. 3 tifctm -e j&ss § n 4 «§£ cc io 

\t0. 2*60. 4nmSD t l. 0*61. 7nm©g 
ffl* 6 3 ft fc|gJ¥£W b . CrMCr *££* 6 
ft -5 SOU- 7-* 6StR3 ftfctmT?#JS3 ft tt 
1. 0*61, 4nmSO f 2. 6*63. OnmOil 

*6S5£ 3 titcmm* w-r sci t r ssamsasa 
tm. 

[0087] (ttia9) msi *6 8<ots-rft*icia 
ig(D^f2^*{cfct^-r. flre%BB£JiK. Co, n 

i . Fe. N i JR^:. F e Ift^. StfC o C r T 
a. CoCrPt, CoCrPt-M^CoS^ 20 
_-35x6£c£ i^- ^* 6dStR 3 ft fct**4* 6 ft K> . M = 
B. Mo. Nb, Ta, W. Cu, XteCft6©-&£r 

[0088] (ttia i o ) ttia9§atg©i&m§aa^f# 

tC*i<,»T. lufB^fiSttS«. 2-1 0nm©ffiBl*3TjI 
[0089] («I3 11) HIS 1*61 0©OTft* 

K.tm<D®.%Mmm#!<ci5^-c . Mfasstt&^Bti. c 

o. Fe. FeS^ N if^MWoCrTa, 
CoCrPt. CoCrPt-MiStfCoI^e 30 
ft-S^-7'*6SJR3ftfcWf4*6ft«3. M=B. M 
o. Nb. Ta. W, Cu. XttCft 6©-£#f<&-5 C 

[0090] (ffia 12) ttte 1 1 ia$g©?^aiaii^ 
fttcfe^r. traBttH$^«®cotftftxu:Fe«K 
». i-ria^aattJSSuTSttMcDCoigfixuFeigSj: 

[0 0 9 1 ] (#1313) die 1*61 2©l>Tft* 
6 5 nm©©HP3-CjlS3ft^c|gi»€:WTSCi5:1tm 40 

i-rsfiaMiai&sw*. 

[0 0 9 2] (ttf314) ttiai*61 3©(,>-Tft* 

tcsim<DM%Mzim#ici<si>~t: . Mie®ttJi«. Co. 

N i . F e . N i X£& F e^^#. RtfC o C r T 
a. CoCrPt. CoCrPt-M^tfCoS^ 
* 6 ft S 6 mtR 3 ft fctfft* 6 ft «3 . M = 

B. Mo. Nb. Ta. W. Cu. X«Ch^©^T 

[0093] (#§ai5) tfiai*6i 4<Di>-rft* 
cce«©««ia«a«#«:tec»r. ii>ft < £ km l ©£& so 
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mnaoms&is&a&si 1 <D&&mm&<D$m&m © 

S&SaJt^tfecfc 9i§< . i£J?U Stflii2 ©^glBlfiS©^ 

sssjmaiaagf*. 

[0094] 

im*fi<DM) feLhi¥^b/c<!:C5*6^6*ftJ:^ 
(C. ^^CCj:ft«. #£j£$ft/cfcr* h <Z>Jft££t£& 

^%sat c tft < {aat£<DiKi>?KftKeift£fT*.s 
?s«iaiiisf*sc«^fei«is*^-c# 

[0i] s?8«iaii$gf*©iji i ussflkDggp 

[02] #^fcft £^8B&i«{*©3l2 ^SS0J©SSi5 

[03] S ilfetKf^ShfcDIl 0 nm©#— © 
C o P t B©SrtS»#141:^-r0-C*^. 

[04]JKJ5*O. 8 nm©RuB-C#gi3ft/c2'0<D 
C o P t B©®F*3®fi«i&S:^:£0r £ . -- 

[05]HJ1*1. 4nmORuJfC^!B3nifc2o© 

c o p t B©art^#t£*7jvr0-c£>£ o 

[06]KJ**O. 8 nm<DRuJg-C#^3ftfc2 0<D 

CoCrP ticifiia^^tsr*^. 
[07] «c ft & ?s^ia^«f*©^ 3 HS£09©gS15 

[08] Ru^iStlfc2-50CoCrS^i©I 

[09] *^«Ctt*5tt«IEttSas«®— *»ff!CD»W* 
^TBrffi0-C*2.. 

[010] m^M^Mmo-m^mom^jn-rw-mm 

[?f-^©Si^] 



1 




2 


m 1 ©~>- KB 


3 


N i PB 


4 


m2©->- KB 


5 


Tti&B 


6 


#f©tt*raB 


7. 7- 


1 ^ISttB 


8. 8- 


1 MB& 


9 


ffiSiiB 


1 0 




1 1 


SB?tB 


1 3 




1 6 


?s^iaab«[* 


1 7 


laatfift^ k 


1 0 1 




1 0 2 


KB 
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1 0 3 Ti&m 

i o 4 mm^nm 
i o 5 nemsm 

1 0 6 (T«) BBtt&^JB 



* 1 0 7 
1 0 8 
1 0 9 
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[HI] [H2] 



8- 
7- 



11 

•10 



11 
• 10 



B- 

7- 
8-1 - 
7-1 - 



[03] [04] 
SI«^U:»^*ftABJf10nm<0m-<DCoPt»<0aF*a«5l»ttt^TEI R§tf0.8nm©RuMr»»?*Lfc2-3(DCoPtWfl>Srt«Sl1#tt€^rH 



+4.53E-M 



EMU 



•4.53E-04 




+9.56E+C3 



Gauss 



-9.5SE+03 




-5jOOE+03 



Oersted 



5.00E+03 



0 1-56 92 1 




[07] 



-106 TSHSiafe** 
-105 tttt&JI 

-104 m&&*!aB 

-103 T*m 
-102 v- KS 



-101 



[09] 



19 IB 17 15 16 
31 

=g 



-13 



20 



14 
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[010] 



£1 

m 

s 

IB 





f*^JI|Jlil|KTlftfiMEJi/hB3ttJ4TB 1 # 



»5K/H*jl|«rfJ4i^lH_h/hE4'4TS 1 
1# S±iI#5fcMtl*l 
F £— 5D006 BB01 BB07 BB08 CA01 CA05 

5E049 AA01 AA04 M07 AA09 AC05 
BA06 CB02 CCOl DB02 DB04 
DB12 



